CHAPTER 6

| NDUSTRI AL VENTI LATI ON

1. CENERAL. Ventilation is the process of supplying and
removing air by natural or nechanical neans to or from any space.
It is wused for heating, cooling, and controlling airborne
contam nants which affect enployees and the general environnent.
| ndustrial ventilation enphasizes the control of toxic and/or
f I ammabl e cont am nants.

2.  DEFI N TI ONS.

a. Baffle - a surface which provides a barrier to unwanted
airflow fromthe front or sides of a hood.

b. Blast gate - a sliding valve used in ducts to create
additional pressure loss in the duct and restrict flow

c. Capture velocity - the air velocity at any point in front
of the hood or at the hood openi ng necessary to overcone opposing
air currents and to capture the contam nated air at that point by
causing it to flowinto the hood.

d. Coefficient of entry - the actual rate of flow caused by
a given hood static pressure conpared to the theoretical flow
which would result if the static pressure could be converted to
velocity pressure with 100% effi ci ency. The ratio of actual to
t heoretical flow

e. Entry loss - loss in pressure caused by air flowng into
a duct or hood.

f. Fan - a nechanical device which physically noves air by
creating a pressure differential.

g. Flange - a surface at and parallel to the hood face which
provides a barrier to unwanted air flow from behind the hood.

h. Hood - a shaped inlet designed to capture contam nated
air and conduct it into the exhaust duct system

i Lower explosive Iimt - the lower limt of flammbility
or explosibility of a gas or vapor at ordinary anbient
tenperatures expressed in percent of the gas or vapor in air by
vol une. This limt is assunmed constant for tenperatures up to

250° F. Above these tenperatures, it should be decreased by a




factor of 0.7 since explosibility increases wth higher
t enperat ures.

j. Plenum - pressure equalizing chanber.
K. Repl acement (make-up) air - the volunme of outdoor air

intentionally supplied to a building to replace air being
exhaust ed.

l. Static pressure - the potential pressure exerted in al
directions by a fluid at rest; the tendency to either burst or
col | apse a pipe. For a fluid in notion, it is nmeasured in a
direction normal (perpendicular) to the direction of flow It is
usually expressed in inches of water gauge (Ow.g.) and may be
positive or negative.

m Total pressure - the algebraic sum of the velocity
pressure and the static pressure. My be positive or negative.

n. Velocity pressure - the kinetic pressure in the direction
of flow necessary to cause a fluid at rest to flow at a given
vel ocity. Usually expressed in inches of water gauge,.it is
al ways positive.

3. | NSTRUVENTATI ON.

a. Manonet er and Pitot tube.

(1) The manoneter is an instrunment, which is a primry
standard, for the nmeasurenent of pressure. The sinplest type of
manoneter is the Utube, partially filled with liquid (usually
water, nmercury, or light oil). The inclined manoneter is nore
accurate, but nore difficult to use. The anount of Iliquid
di splaced indicates the anpbunt of pressure exerted on the
i nstrunent.

(2) The Pitot tube is a tube within a tube. The inner
tube has a port that points directly into the airstream and
nmeasures total (inpact) pressure. The outer tube has a ring of
ports that are perpendicular to the airstream and neasures static
pressure.

(3) When both tubes of the Pitot Tube are connected to a
manoneter, the velocity pressure i s neasured.

(4) The manoneter and Pitot tube conbination is sinple to
operate, inexpensive, and the nost legally credible air velocity
measur enent system The one disadvantage is that it cannot
measure velocity |l ess than 600 feet per m nute.



b. Thermal (heated wire/el enent) anenoneter.

(1) Wen air noves across the electrically heated
wire/element, the wire cools and the resistance changes. The
resi stance change provides an electrical signal which is
proportional to the air velocity and is displayed on either a
digital or analog neter.

(2) The probe can be wused directly to neasure air
velocity in open spaces and at air exhaust and supply openings.

(3) Attachnents are available to neasure static pressure.

(4) Due to the snmall dianeter of the probe, neasurenents
can be made directly inside ducts wusing the neasurenent
techni ques described for Pitot traverses in sections 4.b. and
4.c. of this chapter.

(5 Battery charging and naintenance are extrenely
inportant and the battery voltage nust be checked prior to
i nstrunment use.

(6) Mninmum velocity ranges vary depending on the
manuf acturer, but are generally 50-100 feet per m nute.

(7) I'nitial and periodic calibration are required.
CAUTI ON: Thermal anenoneters should not be used in
expl osi ve atnospheres because they may provide an
ignition source.

c. Swinging vane anenoneter (vel oneter).

(1) Indicates air velocity as a function of the pressure
exerted by the air stream on a sw nging vane which is under
tensi on and cal i brated.

(2) Includes a variety of fittings which can be used to
measure static pressure and a wi de range of linear velocities.

(3) Perform "zero check"” prior to use by holding it
hori zontal and covering both ports so that no air can flow
through. If the pointer does not cone to rest at zero, the zero
("Z") adjustnment nust be turned to nmake the necessary correction.

(4) Dust, noisture, or corrosive naterial in the
at nosphere present a problem since air passes through the neter.

(5 The mninmum velocity is 50 feet per mnute unless
adapted for a | ower range.
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(6) The instrunent requires initial and periodic
cal i bration.

d. Aneroid gauge.

(1) Gauge operates without liquid to neasure pressure
The best known type is the "Magnehelic" gauge.

(2) Advant ages:
(a) Easy to read;
(b) Greater range of response than manoneters;
(c) Portable (small and |ightweight);
(d) Less nmmi ntenance due to absence of fluid; and

(e) Can nmount and use in any position wthout |oss of
accuracy.

(3) Disadvant ages:
(a) Subject to mechanical failure; and

(b) Requi res periodic calibration checks and
occasi onal recalibration.

(c) Change of nounting position (e.g., fromvertica
to horizontal) requires rezeroing.

4. GENERAL METHODS FOR EVALUATI ON OF | NDUSTRI AL VENTI LATI ON
SYSTEMS. See Reference 6-1 for a conplete discussion on where to
t ake measurenents, the nunber of readings required, etc.

a. Face velocity traverse nethod.

(1) Determne the area of the open face of the booth or
hood.

(2) Measure air velocity at several points across the
face of the booth or hood and calculate the average velocity.
This should be acconplished by formng a grid of equal area
rectangl es across the face and taking a velocity nmeasurenment in
the center of each rectangle.



(3) Calculate total volunetric flow rate using Equation
6- 1.

Q=VA

Equation 6-1

Wher e:

Q = volunetric flowrate (ft3 min)

V = average air velocity across face (ft/mn)
A = area of booth or hood face (ft?)

b. Pitot tube traverse nethod for round ducts.

(1) Make two traverses across the dianmeter of the duct at
right angles to each other.

(a) Holes nmade for the Pitot tube should be drilled,
not punched, to avoid projections or burrs inside the duct which
may add to air turbulence and alter readings.

(b) Whenever possible, the traverse should be nade 7%
duct dianeters or nore downstream and 2% duct dianeters or nore
upstream from any nmmjor air disturbance (e.g., elbow hood,
branch entry).

(2) Measure velocity pressure at the center of annular
rings of equal area.

(3) For ducts with a dianeter less than or equal to 6
inches, at least 6 traverse points should be neasured. For ducts
with diameters greater than 6 inches, at |east 10 traverse points
shoul d be used. For very large ducts (approximately 40 inches in
dianmeter or larger) or for ducts with a wde variation in
velocity frompoint to point, 20 traverse points should be used.
The | ocation of the traverse points should be docunent ed.

If the m ni num di stances from di sturbances cannot be satisfied, a

traverse should be taken at a second | ocation. If the average
reading from the two |locations agree within 10% an average of
all readings may be used. I f variation exceeds 10% readings

should be taken from a third |ocation and average of the two
readi ngs in closest agreenent nay be used.



(4) Convert all velocity pressure neasurenents to
vel ocity using Equation 6-2.

V = 4005VVP
Equation 6-2
Wer e:

V = velocity (ft/mn)
VP = velocity pressure (inches of water gauge)

This equation is for dry air at standard tenperature (25° O
and pressure (760 mm Hg). O herwi se, corrections nust be nade
for tenperature, noisture and pressure. Consult Reference 6-1.

(5) Determ ne the average duct velocity and cal cul ate the
duct volunmetric flow rate using Equation 6-1.

c. Pitot traverse nethod for square or rectangul ar ducts.

(1) Divide the cross-section into a nunber of equal area
rect angl es.

(2) Measure the velocity pressure at the center of each
rectangl e. Make enough readings so that the greatest distance
between the centers is approximately 6 inches. In all cases, at
| east 16 neasurenents shoul d be made.

(3) Convert all velocity pressure neasurenents to
vel ocity using Equation 6-2.

(4) Determ ne the average duct velocity and cal cul ate the
duct volunmetric flow rate using Equation 6-1.

d. Static pressure neasurenents.

(1) The preferred nmethod of neasuring static pressure is
the use of a manoneter and Pitot tube. Static pressure nmay al so
be neasured by connecting the manoneter to an opening in the wall
of the duct.

(2) If static pressure is nmeasured at the duct wall, it
shoul d be done 7% duct di aneters downstream and 2% duct di aneters
upstreamof any fittings. |If this is not possible, drill (do not

punch) four or nore holes equally spaced around the duct in the
sanme plane and average the readings.



(3) Measurenents of hood static pressure for tapered
hoods should be nade a distance of one duct diameter from the
duct entry. For flanged or plain hoods, neasure hood static
pressure at 3 duct dianeters fromthe hood.

e. Capture velocity nmeasurenents

(1) Measure air flow at the point of contam nant
generati on.

(2) Factors affecting capture velocity which should be
docunent ed:

(a) Flanges - decrease the required flow rate to
achieve a given capture velocity by providing a barrier to
unwanted air flow from behind the hood. In nost instances, the

fl ange w dth shoul d equal the square root of the hood area.

(b) Baffles - provide a simlar effect by providing a
barrier to unwanted air fromthe front or sides of the hood.

(c) Room currents - may be favorable or unfavorable
to capture.

(d) Size of hood - large hoods create a large air
mass in notion while small hoods create |ocalized control only.

f. Snoke tubes. (Cbserving generated snoke nakes it possible
to determne direction of air flow turbulence and |ocation of
dead spots.

CAUTI ON: Ventilation snoke tubes may contain stannic
oxychloride or titanium tetrachloride which produce
hydrogen <chloride gas, a strong nmucous nenbrane
irritant. Do not direct snoke toward an enployee’s
eyes or breathing zone.

g. Visual inspection. A visual inspection of a ventilation
system can detect such things as broken or corroded fan bl ades,
broken or clogged duct work, dirty filters, etc.

5.  VENTI LATI ON SURVEYS.

a. The scope of the ventilation survey will primarily depend
on whether neasurenents and/or calculations are intended for
screeni ng or baseline information.

(1) Screening. Screening neasurenents are usually

obtained by the industrial hygienist during the periodic
wal kt hrough portion of an industrial hygiene survey. Capture and
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face velocities are wusually all that are neasured. These
measurenents are used to docunent airfl ow

(2) Baseline evaluations. Eval uate ventilation systens
in conjunction with the baseline industrial hygiene survey,
unl ess otherwi se specified in NAVOSH standards. Docunent ati on
shoul d include a conparison of the design specifications to the
per formance data. If a design specification for a particular
ventilation system does not exist, a baseline ventilation survey
wll serve as the benchnark. When the ventilation system does

not control the hazard to within acceptable levels, notify the
cogni zant activity personnel and conduct another survey after
repairs or nodifications are conpl et ed.

b. | ndustri al ventilation survey reports. Duri ng
ventilation surveys, include as much of the follow ng information
as possible in the survey report:

(1) Sketches and/or photographs of ventilation systens.

(2) Brief description of wventilation systens, e.g.,
natural, forced air, dilution, |ocal exhaust or conbi nations.

(3) Locations and types of ventilation systens, hood face
velocities, capture velocities, the appropriateness of the
ventilation for the job and range of activities relative to
hazard generati on.

(4) Adequacy of nmake-up air. Explain how make-up air is
obt ai ned, exhaust ed or recircul at ed and whet her it is
cont an nat ed.

(5 Records of periodic inspections and sunmaries of
previ ous surveys/inspections. Use previous survey information as
much as possi bl e.

(6) Variables that affect ventilation, e.g., doors,
W ndows, openi ngs in bui | di ng and processes af fecting
t enper at ur e, heating and cooling of the building and/or
operation, local cooling fans, and seasonal characteristics.

(7) General comments on the effectiveness of the system
and personnel work practices.

(8) Personnel exposure |levels when the wventilation
systens are operating.

(9) Fan manufacturer, nodel nunber, serial nunber,

capacity in ft3 min, static pressure rating in inches of water
gauge, and fan pulley dianeter in inches.

6-8



(10) Fan notor manufacturer, nodel nunber, serial nunber,
revolutions per mnute, notor pulley dianeter in inches and
hor sepower .

(11) Type, size and capabilities of the dust collector
and the status of filters, cyclones, etc. (e.g., operational,
cl ogged, torn).

(12) Manufacturer, nodel nunber, serial nunber, and
calibration date for air velocity neter used.

(13) Ref er ences and st andar ds upon whi ch any
recommendati ons are based.

(14) Survey date and signature of person performng
survey.

c. Shipboard Industrial Ventilation Surveys. Shipboard HVAC
and industrial ventilation design criteria is provided 1in
Ref erence 6-2. Naval Ships Technical Manual s should be consulted
first for ventilation requirenents. Were Navy standards do not
exist, Reference 6-2 authorizes wuse of Reference 6-1 for
i ndustrial ventilation requirenents.

(1) For a nunber of reasons, nost shipboard ventilation
surveys are best acconplished while the ship is not underway.
Maj or ventilation systens required for propul sion can be secured
or operated at various speeds, ship’'s personnel are nore
avail able to assist, and there is easier access to hard-to-reach
ducts and openi ngs.

(2) Ventilation systens should be thoroughly traced and
sources of replacenment air for recirculation systens identified.

(3) On ships which are equipped with a Chemca
Protective System (CPS), ventilation surveys should docunent the
status of the CPS during the survey.

(4) Unauthorized ship alterations, such as cardboard vent
covers, holes in ducts and cheesecl oth dust-catchers, should be
noted in the report as discrepanci es.

(5) Interimand feasible alternatives to ship alteration
corrections nust be investigated for ventilation discrepancies.

(6) The industrial hygiene officer should assist the
command in preparing 2K and 2L forms for corrective actions.
These maintenance forns will be added to the Current Ship's
Mai nt enance Project (CSMP).



6. TROUBLE SHOOTI NG AN | NDUSTRI AL EXHAUST SYSTEM - SOVE HELPFUL
HI NTS. Most of the followng checks can be nmade by visual
observation wi thout the need for extensive neasurements.

a. If the air flowis low in hoods:
(I') Check fan rotation. Reversed polarity in a three-
phase electrical systemw ||l cause the fan to run backwards. A

centrifugal fan running backwards may deliver only 30-50 percent
of rated flow.

(2) Check fan revolutions per mnute (rpn). Note unusual
noi ses. For exanple, fan "squealing” may indicate belt slippage
or | ooseni ng.

(3) Check for clogged or corroded fan wheel and casing.

(4) Check for clogged duct work:

(a) A high hood static pressure and low air flow may
indicate an obstruction in the ductwork upstream of the hood
static pressure neasurenent point. A low hood static pressure
and low air flow may indicate a downstream duct obstruction.

(b) Open cl ean-out doors and inspect inside of duct.

(5) Check for closed or frozen danpers in ductwork.

(6) Check for clogged collector or air cleaning devices.

(7) Check for weather cap being placed too close to
di scharge stack. A % duct dianmeter gap shoul d be present between
cap and stack. Current ventilation practice recommends NOT using
weat her caps.

(8) Check for poorly designed duct work:

(a) Short radius elbows (1% to 2% duct dianeters
radi us of curvature recommended).

(b) Branch entries into main duct at sharp angles. A

30° angle of entry with main is recomended. Duct di aneter
expansi ons shoul d be provided.

(c) Duct is too small to carry air flow
(d) Duct velocities excessively higher than the

required transport velocity result in unnecessarily high static
pressures.
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(e) Rectangular duct work is less efficient than
round.

(9) Check for high negative pressures as a result of |ack
of replacenent air.

(a) Propeller fan systens are sensitive to even
slight negative pressures. This may reduce air flow

(b) H gh velocity drafts at door openings and
w ndows usually result fromlack of replacenent air.

b. If hood air flow is satisfactory, but there is poor
contam nant control

(1) Check for cross drafts from
(a) Process air novenent;
(b) Cooling fans, air supply systens; and
(c) Open doors and wi ndows.

(2) Check for poor work practices.

(3) Check for an operation too far from the hood opening
to maintain effective capture velocity.

(4) Check for poor hood enclosure (e.g., doors, baffles,
or sides of hoods may have been renoved).

(5) Check for msapplication of system to contam nant
type (i.e., use of canopy hoods for control of toxic
cont am nants) .

7. CATEGCORI ES OF VENTI LATI ON STANDARDS. Navy Cccupati onal
Safety and Health (NAVOSH) ventilation standards nay cover three
general categories: health, fire and explosion, and special
condi ti ons. Ref erences 6-3 through 6-17 provide specific
details.

a. Health-related standards. The standards in this category
are intended to control exposures to below Navy COELs for air
contam nants. Details are in References 6-10 through 6-14.

(1) Conpliance should be achieved with the air flow
specifications listed in health rel ated standards.
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(2) Ventilation is considered to be sufficient if
personnel are not exposed to |levels of air contam nants in excess
of NAVOSH st andar ds.

(3) In the event that air flow specifications are not
achi eved, but exposures are adequately controlled, a |ower
abatenment priority or risk assessnent code may be assigned to the
ventilation system

b. Fire and explosion related standards. The standards in
this category, references 6-15 through 6-17, are intended to
prevent fires and explosions. When working with ventilation
systens of this type, the industrial hygienist nmust notify the
cogni zant gas-free engineer prior to conducting any tests or
di recting any adjustnents.

(I') In the application of fire- and explosion-related
ventilation standards, an operation has adequate ventilation when
both of the followng criteria are net:

(a) The requirenment of a specific standard has been
met (e.g., NAVOSH, NFPA).

(b) The concentration of flammable vapors is 25
percent or less of the lower explosive limt (LEL). St andar ds
whi ch are exceptions to the 25 percent of the LEL rule may be
found in References 6-16 and 6-17. These allow no nore than 10
percent of the LEL.

(2) To determ ne the concentration of flammable material,
the industrial hygienist nmust do the foll ow ng:

(a) Take and evaluate neasurenents from direct
reading instrunents (i.e., conbustible gas indicators, detector
tubes, etc.);

CAUTI ON: If explosive atnobspheres are possible,
equi pnent used nust be rated as intrinsically safe for
hazar dous | ocati ons.

(1) If the reading on the conbustible gas neter
is greater than 25 percent of the LEL, imediate corrective
action is necessary and the cognizant gas-free engi neer nust be
i mredi ately notified and consul ted concerni ng such action.

(1i) Drect-reading instrunments nust al so be used
to determine if the ventilation system provides enough air to
reduce a flammabl e concentration to 25 percent or less of the LEL
to all floor areas, pits or dead-air spots where flamuabl e vapors
may col |l ect.
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(b) Calculate the air volunme required considering
evaporation rates, etc., and the anount supplied to ensure that
the flammble concentration does not exceed 25 percent of the
LEL.

C. Speci al conditions standards. The standards in this
category involve confined space operations and/or high hazard
cont am nant s specifically desi gnat ed in t he st andar ds.

Prof essional judgnment nust be exercised in the evaluation of
actual or potential hazards due to the high exposure | evels which
may be encountered in many of the referenced operations.
Depending on the circunstances, specific training in “gas-free
engi neering” may be required to properly address confined space
problenms. . Wwen working with ventilation systens of this type,
the industrial hygienist nust notify the cognizant gas-free
engineer prior to conducting any tests or directing any
adj ust nent s. Factors which may be of assistance in determ ning
whet her an actual or potential hazard is present in a confined
space operation include:

(I') The use of an oxygen neter and/or air sanpling
equi pnent ;

(2) The size of the enclosure;

(3) The restriction of airflow,

(4) The potenti al for oxygen deficiency (1.e.,
di spl acenent of air by the contam nant(s), depletion of oxygen
caused by the operation, etc.);

(5) The toxicity of the substances to which the enpl oyee
may be exposed. For exanple, the permssible exposure limt for
propyl ene oxide is 20 ppm the LEL is 2.3% or 23,000 ppm The
i mredi ately dangerous to life and health (IDLH) concentration for
propyl ene oxide is 400 ppm |ess than 10% of the LEL

(6) Enpl oyee interviews;

(7) Work practices; and

(8) Tendency of the environnent to change (e.g., nethane
accurul ation in sewer manhol e).

8. DESI GN REVI EWS. Cccupational health aspects nmnust be
consi dered, designed, and engineered into all facilities which
are acquired or constructed for use by Navy personnel. The

cogni zant industrial hygienist nust participate in the review of
pl ans and specifications for ventilation system construction,

6-13



renovation and/or repair projects. Consult References 6-1, 6-2
and 6-9 for design criteria.

9. REFERENCES.

6-1 ACA H. | ndustrial Ventilation - A Munual of Recomrended
Practi ce. 23rd Edition. C ncinnati: Anerican Conference of
Governnmental |ndustrial Hygienists, 1998 (or |atest edition).

6-2 NAVSEA 0938-LP-018-0010, Heating, Ventilation, and Air
Condi tioning Design Criteria for Surface Ships of the U S. Navy.

6-3 OPNAVI NST 5100. 19 Seri es

6-4 OSHA. Cccupational Safety and Health Admnistration
Techni cal Manual , Section I, Chapt er 3, Ventil ation
| nvesti gati on. OSHA Instruction TED 1.15. Washi ngton, D.C.:
U. S. Departnent of Labor. 1995.

6-5 NAVSEA S6470- AA- SAF- 010, Gas Free Engi neering Program

6-6 Code of Federal Regulations, Title 29, Part 1910.146, Permt -
requi red Confined Spaces.

6-7 Code of Federal Regulations, Title 29, Part 1915, Subpart B,
Confined and Encl osed Spaces and O her Dangerous Atnospheres in
Shi pyard Enpl oynent.

6-8 Naval Ships' Technical Mnual, S9086- CH STM 030, Chapter 074
(Volunme 3), Gas Free Engineering.

6-9 M L- HDBK- 1003/ 17 Series, Mlitary Handbook, Industri al
Ventil ati on Systens

6- 10 Code of Federal Regulations, Title 29, Part 1910.94,
Venti | ation.

6-11 Code of Federal Regulations, Title 29, Part 1910, Subpart
Q Welding, Cutting and Brazing.

6-12 Code of Federal Regulations, Title 29, Part 1926, section
57, Ventilation; section 154, Tenporary Heating Devices; and
section 353, Ventilation and Protection in Wlding, Cutting and
Heat i ng.

6-13 Code of Federal Regulations, Title 29, Part 1915, section
32, Toxic Cdeaning Solvents; and section 51, Ventilation and
Protection in Wlding, Cutting and Heati ng.

6- 14



6-14 Code of Federal Regulations, Title 29, Part 1918. 93,
Ventilation and Atnospheric Conditions.

6-15 Code of Federal Regulations, Title 29, Part 1910, section
103, Hydrogen; section 104, Oxygen; section 106, Flanmable and
Combusti bl e Liquids; section 107, Spray Finishing Using Fl ammabl e
and Conbustible Materials; section 108, D p Tanks Containing
Fl anmabl e or Conbustible Liquids; and section 307, Hazardous
(classified) Locations.

6-16 Code of Federal Regulations, Title 29, Part 1915, section
12, Precautions and the Order of Testing Before Entering Confined
and Encl osed Spaces and O her Dangerous Atnospheres; section 13,
Cleaning and Qther Cold Wirk; section 35, Painting; and section
36, Fl anmmabl e Li qui ds.

6-17 Code of Federal Regulations, Title 29, Part 1926.803,
Conpressed Air.

6- 15



